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ABSTRACT 
In this~paper an attempt is made to develop an analytical 
m~lhod to solve n-dirnensional linear and non-linear 
integer programming problems. 
The method discussed in this paper is applied 
to both linear and non-linear problems with little modi-
fications. It is easy to comprehend with only basic know-
- ,; ledge of mathematics. Inspite of its simplicity and wide 
application, it does become time consuming as the dimension 
of the problem increases. ( 
Also during the process there are other methods 
which have been developed and discussed, taking into account 
'--
their limitations. 
This method can be used extensively in those countries 
where the cost of computer is very high and the labour cost 
very low. It is under such circumstances that a time con-
suming but simple method could be justified. 
1 
. .l, 
!NTRQb.tJCTI ON-
I ·• , The paper h•s been divided into three sections. Section I 
deals with various analytical t~chniques of -sol~ing integer 
I 
programming problems. Some of these have been dealt with 
examples.and also graphically. Their merits and demerits 
have· also been discussed with suggestions for improvements. 
In section II a method has been selected and applied 
to solve linear integer programming problems. Various 
examp.les have been solved with this method and also with 
the computer. The main characterstic of this method is f.ts:~ 
simplicity. In the end of section II the limitations of 
this method are discussed. 
Section III deals with the application of this 
method to non-linear integer programming problems. Here 
too various problem~ have been solved using this method 
Also the merits and demerits havsbeen discussed regarding 
its applications .. In the end.suggestions have been recomm-
ended to overcome some of its limitations and enhance its 
application. 
.J 
i~ 
;..-;· --
, . 
. ,... ;-·. .. "' 
' 
j' 
Section I 
In this section three methods of solving integer-problems 
•. L 
have been discussed •• 
The first and the second methods have their limited use 
for two-dimensional problems and so will be mentionem for 
the sake of knowledge. The third method which has been 
discussed has been applied to linear and non-linear ;r• •> • • ' > ,, -' ,·, -~ ·' ,. 
problems. 
.,..,., .. 
M.ethod I 
In this method the simplex method is first applied to get 
the non-integer solution. The objective functton line is 
then made to slide towards the origin by each time dec-
reasing its value.'· The first feasible integer point hit is 
the solution to the problem. 
It can best be explained by solving a problem. Consider 
the following problem. 
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Using the simplex method, the initial solution is found 
to be 13.8 ( xi= 10/3, x2= 7/J) as is shown by the point 
o. Next the objective function is reduced by unity and 
analysed. This takes the form of line B ( 2x1+3x2=1J.O ) 
In line B only section 0102 is feasible,lying inside the 
feasible region. Clearly there is no integer point on o1o2 ,· 
Next the objective function takes the form of line "C'' 
( 2x1+Jx2=12) and the feasible region is analysed. 
Since the integer point ( x1=J, x2=2) lies on this line 
'it is the integer so·lution to the problem. 
The above problem has been discussed in analytically 
below. 
Analytical method 
oar 
FUNC~ 
12 
·-~· .......... , 
- '-, . 
..... 
PolNTS OF 
BNT!RSEC. 
t) 
INTEGER 
VALIJES X1 
3 
2, 3. La 
4 
J 
>---
-~·· .-, ,_ • .) 
' ' . 
po1NTS OF 
., 
DOMAIN 
. . -
,Ci 
Xi 
·.1 
Since the non-integer solution is 1).8, the first value for 
consideration should be 1J.O. With this objective function 
line the points of intersections are calculated .• The line 
2x1+Jx2=1J.O is feasible between the points (2.5,2.7) and 
(J.6,2.0). The next step is to check for any integer value 
of x1 in this range. The value of x1 is found to be 3. 
Corresponding to x1=3, find the value of x2 on the objec-
tive function line __ 2xt'·rJx2=13 •. If, x2 is an ~nteger, . tben 
this is the solution; if not then take the next line 
2x1+Jx2=12. and repeat aboye procedure, till both the 
integer points are obtained. 
Merits and Demmrits 
One of the difficulties of this methods is that of calcu-
lating the intersection points every time the objective 
function is changed. On the surface it may look difficult 
but the following analysis will show that it could be 
simplified tremendously. 
It is clearly seen in the above calculations that only 
the objective function changes while the rest of the fig-
ures remain the same. Let us call this variable value of 
the objective function as "A". 
Now to calculate the intersection points between the 
objective function 2x1 +Jx2=A and say ?x1 +-sx2 =35 · consider 
the following analysis. 
.5: 
···.,,c r 
2X,+ 3~:: A 
7~+5X.1 = 35 lltX, + IOX2 • 70 
SIMMI LARLY x, = 
fo,. A= I~ 
A= 12 
x, = 105-65- _ '1Q 
11 • II 
)(. - IA5'."' §Q il 
• 11 a II 
do • ·~ ,s. • ' 
I 
I IXJ = 'n1- 70 
~: m-zo 
If 
In the same way the intersection points betweeb the objec-
tive function and the line ?x1+2qx2=70 can be calculated. 
Though the above methods is simple and very effective for 
linear functions, it becomes too tedious for non-linear 
functions. This is due to the fact that intersection points 
have to be calculated at every step, aux and calculations 
with non-linear function becomes very tedious, though even 
in this case the calculations could be simplified. 
One of the main difficulties of this method is in solving 
three dimensional problems. In this case we would be 
dealing with planes instead of lines and there fore the 
calculation of intersection points becomes even more 
difficult. As we take problems of higher dimensions the 
' 
calculat~ons become very combursorne •• 
'/ 
6 .. : :. •r·-c--: _____ ._.-4 
·1 . 
'· 
._·t ::~: 
• . • . e 
f 
- - -
' 
Method II 
This i·s another approach to solving integer programming 
problems. This method has not been extended further due 
to its demerits in application to n-dimentional problems. 
Graphical analysis 
This method is based on the fact all the ineger points lie 
in the mapping of straight parallel lines whose equation is. 
~ x1-x2=~, w~ere 'a' is any posi~i~e or n~gatiye ~n.teg,er,. 
This has been shown graphically on the next page. To give 
an example; all the following points (0,0) ,(1,1),(2,2) •.. 
lie on the straight line x1-x2=o (a=O). Similarly all the 
integer points ( 0 , 1 ) , ( 1 , 2 ) , ( 2 ., 3 ) • . . . . . .e ct • 1 i e on the 
straight line x1-x2=-1 (a= -1). 
Analytical analysis 
Consider the following problem for generalised analysis. 
·.' 
MAX. Px,+Qx2 · 
~ ..... S/r 
Mx, + N~ $ Y 
OX,.,. KX2 ~ Z 
' . 
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Let the various values of the objective function be 
denoted by 'B' • 
, 
J 
The problem is to determ~ne the values of 'A' and 'B' for 
which x1 and x2 should be integers. 
B+~A 
I ~I 
p & 
', ' . ( 
B--PA 
I a=> I 
p Q 
. . , 
Where 'A' is defined as the value satisfying the following 
equation. 
(o+ K) J;i- (P+Q) Z. 
p ~ 
~ A< (P+Q)Y-(M+N)B 
p dl 
0 t( M N 
In the above equation only 'A' and 'B' are variables while 
all the other values are constant for a particular problem. 
-· This can best be analysed by the help of a problem. 
MAX 
~\ .. : 
_5/T 
7X, + 5X2 .$ 35 
7X1 + 20X2 < 70 
x. , ><.r ~ 0 'T INT. 
10 
_\ ... 
. . ·'" : ·. 
The problem can be restated ass 
X', 
= 
B+3A 
\~-~I 
B-RA X-1 -
\ i -~1 
- .. 
276 --350 
fq 
-
.. 
.. 
.; 
13+ 3A 
5-
5-2A 
5 
~ ~. "' \ . . 
175- 126 
11 
Since the non-integer solution by simplex is 13,. 8, the 
value of 'B' will start at 13.0. 
·.' 
. 
VALUES 0~ X. • X2. B FOR 
-~ 
DOMAIN OF 
•A' 
·:·, . ' VARIOUS VALUES OF A 
13 
12 
A•I 
26/JJ/) «fl/; 
A {g oQ 
NO 
tiS>R 
itl/1., ff/5 
AoD A: 
NO Ki=S ~•2 
For determining the bounding values of 'A' add -27 to the 
numerator of the left term and add 11 to the numerator of 
() ... . . 
I ' 
' 
' 
I("'' -, 
the right bounding term. The denomfn~tor remains the same 
in all calculations. 
11 
~------
':'."· . 
. ~. ·: •: -... ~_ ~: ~ ' 
•• r 
; 
' 
., 
Merits and Demerits 
The main problem of this method is in application to the 
n-dimensional problems. This method as before utilises the 
idea of intersections and thereby applies it to determining 
the integer solution •• It is therefore cumbersome in its 
application ton-dimensional problems. 
In three dimensional problems one would be dealing with 
planes and the intersection would give rise to areas 
instead of segments of the lines as in the case of two 
• 
' dimensional problems. Inn-dimensional problems the inter-
section would give rise to a space and its mapping would 
be a greater problem. 
Inspite of this disadvantages, it has some unique advanta-
ges too. Due to its straight line property the calculation 
becomes easy·once the method has been generalised for a 
particular case. 
Method III 
It is this method which has been expanded and modified to 
solve n-dimensional linear and non-linear problems. In this 
section this method has been dealt very briefly and the 
next two sections deal with it extensively. It is simple 
to understand and apply with only basic knowledge of math-
ematics. Going through this method one should keep in mina · 
the fact that it is an attempt to solve both linear and 
non-linear prblems through analytical techniques. 
· 12 
Introduction 
This approach is first applied to a simple two dimensional 
prOblem and extended to non-linear integer problems. 
The central idea behind this method is to start with any 
·- ·' · feasible point and then moving from pOint to point, imp-
roving the solution at every step. 
. I 
' 
' 
. ·• "··· 
This can best be- explained with the help of an example. 
Suppose the objective f~nction is x1 x1+2x2 and suppose 
in the intermediate step we are at point (3,2); that is 
x1=3 and x2=2. The value of the objective function •z•. is 
7. Now ~rom this point the solution can be improved by 
. 
giving up one unit of x1 and gainging one unit of x2 • This 
would take us to the point (2,3) or x1=2,x2=J,and Z=8 
Clearly this is the better solution than the previous 
solution. However this can only be possible if the point 
(2,3) is a feasible point. If the point (2,3) is not in 
the feasible region, then the previous point (in this case 
the point 3,2) becomes the integer solution to the above 
problem. The value of the objective function would be 7 
instead of 8. 
,, , .•. 4 
Since in this case the difference in the coefficientsof the 
objective function was only one,the objective function 
r 
changed by only one with every step of change of points. 
e.i. if the objective function had been x1+3x2 , then the L 
13 
() 
' •-, .
.
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unit exchange would have increased th~ objective function 
by 2 instead of by 1 as was in the previous case. 
For our future reference let us consider the following 
problem. 
MAX 
7X,+ 5X2 ~ 55 
7X. + 20X2 4' 7o 
X, , X,2 ~ 0 7 INTEQE'2 
Improvement on method III 
In this case the basic idea remains the same but it has 
~&ix been modified to deal wi~tt~·both linear and non-
linear integer programming problems. 
In this case the starting point is always the origin. In 
each step we move from point to point improving the value / 
of the objective function at every step to finally reach 
the optimal point. 
1· 
' 
' Obviously at every step we move only a~ from one ini~ger !,--, 
point to another integer point. 
15 
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Extension of method III to non-linear problems 
The basic idea behind this method is the gain or loss from 
objective function value by moving from one integer point 
to another integer point, 
Before analysing any further let us analyse some of the 
nom-linear functions. 
2 2 Consider first thexmx term (X ). Analysing the X series 
n 
as given below, we can clearly see that by increasing the 
value of X from n to n+1, the a value of x2 increases by 
1+·2n. 
This can be best analysed by examining the following table 
Xn 
1 1 3 I+ 2(•J -
2 4 5 I+ 2(2J • • - - .. -.-. I --•' ..... .. - . a 
3 q 
7 I+ 2(aJ -. .. 
" 
J6 q 
- I + 2(1tJ 
5 25 • 
• 
• • • • , 
• • • • • I+ 2·(n) • • • -• .. • • • • • 
16 
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The series of x3 is analysed below. Clearly one can see 
that there too is a similar pattern of incremental value. 
In the case of x3, as the value is increased from n to n+l 
the value of X x3 increases by the equation 1+6(1+2+ •.• +n) 
This has been explained below. 
Xn 
1 1 
.. , 
-.,.! 
8 2 
'3 27 
4 64 
5 125 
~ 216 • 
' • • • I 
• 
• 
• 
• 
I S x,.., - x,.. 
7 I+ 6(•) -
19 I+ 6(3) -.. 
37 ,: I+ 6(,J 
61 I+ 6(10J 
91 • I+ 6(16) 
• • ~ 
• l + 6(1+2+5·· .. nJ 
-- - ---- - -----
Simmilarly all thenon-linear functions have their charact~ 
;I. 
erstic series having systemetic incremental trend. It is 
this characterstic which makes the calculation in the 
method .. three simple. 
17 
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Conclusion 
In the above analysis only linear constraints have been 
discussed so that the method can be explained graphically, 
However it is not very difficult to extend this method to 
problems with non-linear constraints. 
As has been emphasised above,~ this method is simple and 
easy. to apply, Ofcourse it does take more time but its 
simplisity of application more than compensates the time 
factor. 
It has been dealt in greater detail in section II and 
section III. Also its merits and demerits have been dis-
cussed in detail. In the end some suggestions have been 
given to extend its application. 
, ...... 
.... 
. , 
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SECTION II 
Application to linear integer problems. 
As has been explained in section I that this technique 
utilizes the principle of moving in the direction of maxi-
mum incremental value of th~ objective function, 
LI This can be best explained by considering the foilowing 
example. 
.. 5/r 
MAX . 
2X1 + X2 ~ 10 , 
)(1 + 2X2 < 12 
x,, Xa ~o l' INt 
This problem has been explained graphically on the next 
page. To begin the problem start at the origin point 'A' 
and see how far can each variable go in the feasible 
region. From the figure we can see that in the direction 
of x1 we can go a distance of 5 whole units and in the 
direction of x2 we can go 6 units. Since their coefficie 
nts in the objectivef function is ( x1+x2 ) hence x2 can 
increase the o~jective function by· six, ~hereas x1 could 
increase it by five. We therefore move a unit in the dir-
ection of x2 and reach the point (0,1), Again we make the 
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same analysis and keep on moving until we reach the point 
(0,3), which is denoted by point B. At this point both in-
crease the objective function by three. However, due to 
an extra distance in the direction of x1, it increases the 
objective function by J 1/2. So we move a unit distance 
in the direction of x1 to reach the point C(1,j). At 'C' 
the whole distance toWarts both x1 and x2 is same 2.Also 
the integral par~ is the same , hence we can move in any 
direction. In the above example we have moved towards X 
to point 'D' (2,3). Then by the same method we move to 'E' 
At 'E' we see that tha distance EG and EF is exactly one. 
Hence we can move in both the direction to points F and g 
G1• In other words, this problem has two solutions (2,5) 
and (J,4) with Z=7, 
As can be seen this is indeed a slow method and could 
take a long time to solve a big problem. But it has a 
,r 
simplicity of approach and application to non-linear pr-
oblems •• 
Having discussed this approach let us solve some examples 
· both by this method as well as by the computer. 
,.:,_ .. 
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EXAMPLE 1 
··-
\ 
MAXJMJZE 12 X,-+ 3 X.a.-+ 5 X5 
• 
IOXi + Xa. + 3 X5 ~ 85 
- X, -+ 2 .X~ + X3 ~ 12 
2 X, + 3 X>- - 5 X3 ' 2 0 
X )( X ~ 0 AND INT I ~ a. • 5 
- --- ----·----·· ~--··- .... - . - -· --- ---· 
2·2 
,;· . .., 
"L- ,. . 
. . . .. 
' 
1 
25 12 20 
.. 
. 
10 2 
.. , 2 
10 · 24 X. 12 . - 0 
X2. ~ I 25 
2 
·6 3 6 18 0 
X.s 5 3 8 
I 12 -I 4o 1 . --
7 
22 II 25 
I 
2 
22 I I 2! 
. 
12 
,o 
2 -1 
. 2 II 24 0 x, .... I . . 
. 
Xa. ~ I 22 2 5 
5 
.7 15 0 
' 
X5 5 
3 
'7 I I I -3 a~ a -
. . 
I 
19 10 26 
.. 
I> . 
·. ·'•. 
, 23 
. 
.. 
19 10 26 
,. . 
.. 10 -1 2 I 13 12 X, 12 .. 0 
Xi. 3 I 19 a 5 5 i -1·5 0 
X5 5 3 6 
I 10 •5 30 3 .. 
,., 
16 9 . 29 .· 
. 
. 
16 9 29 
x, 10 I -I a 14 12 0 12 -
Xi ~ 
I 16 2 ~ -3 9 )2 0 
Xa 5 s ~ I 9 -5 25 4 ... 
' 
. 
' 
·,~ 8 32 
. 
24 
....... 
5 
. 
I 
13 s ~2 
,o .. 
I 
_, a 16 12 X, 12 -. 0 
Xi '5 I I'S 2 4 3 10 12 0 
5 5 4 
I 8 ·3 20 5 X.s -. 
~ 
10 7 ~5 
'. 10 7 ~5' 
x, 12 10 .. , -1 2 17 10 0 -
X1 3 I 10 2 3 
3 
11 9 0 
X5 5 5 3 ' 7 -3 15 6 -
7 6 as 
25 
7 
. 
7 6 38 
x, 12 IO 0 -1 a 1q 0 0 -
Xi 3 I 7. 2 3 3 12 ~9 0 
X3 5 3 2 I 6 .. 5 7 - lO 
4 5 41 
0 
Lt 5 
"' 
. I 
10 0 
.. , 2 . 
0 0 ~ 12 - . 20 
3 
I 
'4 2 3 Xi 2 . 13 .6 ' I 
X5 5 3 J I 5 -3 5 7 -
3 3 38 
. a6 
. . . 
x, 12 10 
X2 3 I 
><.s 5 3 
\ 
lo 
x, 12 
-
x, 5 l 
x, 5 5 
_50LN. 
" l" 'I. .J 
3 3 38 
0 -, 2 1q ' - 0 0 
3 2 
' 
a 
r2 ·3 I 
I ' 3 
-g. 5 '8 ... 
0 2 L, I 
10 
0 2 if I 
-, 2 0 0 - 20 0 
I 
0 2 I s 13 0 I 
' .. 
I .. 3 ·r 0 2 0 ~' -
X, = O X,. = 1 X5 : '8 ... . Z • 43 
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EXAMPLE 2 
' 
MAXIMIZE 3X, +BX~+ 5Xa 
X, + XJ. + X3 ~ 12 
2X, + X2 ~ 10 
l' . 
. ,.,.. , I 
X1 + 5X3 ~ I~ 
X y X ~ 0 At....•D \NT. I ' ''a. , .S flll\1~ 
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1 
.r 
12 10 13 
x, 3 I 12 2 5 
I I -S 15 0 
Xa 2 ' 12 
I 0 20 0 IO· oO 
I 0 a 
X3 5 12 
" 
1'2Q1 I oO ~ ~ 
I I IO ro 
2 
I I 10 10 
~ 3 I I I 2 5 I 10 16 0 
. 
I I ·O -1,..201 X;i. 2 11 10 oO. I ~ ·~ 
5 I 0 3 X.a . II 00 3 15 I 
10 q 10 
< • ' 
'i -· .,..;. 
' 1 
' I 
' 
10 
... i 
3 
10 · 9 10 .. - .._ ·, 
I 2 . . ' -4 -x, 3 lo 10 12 ~ 0 
I I 0 -X2. 2 9 oC) iT8"1 2 10 .. ~ ~ 
X,5 5 I 10 · 0 00 3 5 15 I 
w 
.i 
.,, q 8 10 
9 8 lo 
x, 3 I q. a 4 ' lo , 12 0 
\ . 
. I 
~ .. 
X2 2 I q . I 8 0 @, ol) 3 
X5 5 I q 0 "· 'ob 3 JO 
' 
8 7 10 
.~ 
}1 
'-· ... ,, 
·- ..... ,. 
5 
.. 
\J 
. '~' ~ 7 10 
x, ! I ~ 2 3 I 10 q 0 
, ... , ... " 
X2 2 I 8 I 0 oO I 14 ~ 7 . 
X3 5 I 8 0 5 5 @ 2 oO 
7 7 7 
·. .. 
7 7 7 
x. 3 I 7 2 ·3 
I 7 9 ·-. 0 .. 
2 I 7 I 7 0 ® ~ oO -4 
. 
x., 5 I 0 a 2 ,.o 7 oO 2 
. 
6 6 7 
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6·· 6 7 
x, I 6 :2 3 I 7 q 0 3 . 
X.i 2 ' 6 I 6 0 oO @ 5 
Xs 5 I 6 0 oO 5 2 10 2 
5 5 7 
5 5 7 
~ ' 5 2 2 
I 7 6 0 x. 
X2 
I I 0 2 5 5 00 10 5 
I 0 3 ~ 5 0 ~ ~ ~ cat> 2 'vQ 
-
4 5 4 
J3 
~l .. ", l . .-
4 5 lf 
.. '. 
' 
. 
-
x, 5 ' 4 2 2 I 4 6 0 
. 
X:a 2 I 4 I 5 0 ® 6 oO 
X,5 5 I 4 0 ob a I 5 3 
3 4 Lt 
10 
~· Lt 4 
X1 3 . I ~ 2 2 I 4 ® I 
X2 2 I ~ f 4 0 oO 6 6 
Xs 5 I 3 0 o() 5 ·5 3 I 
2 2 3 
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" 
2 2 3 
I < 2 I .. X, 3 2 I ~ 3 I 
X2 2 I 2 I 2 0 ~ oO 6 
' 
X3 5 I 2 0 oO 5 I ® 4 
I 2 0 
12 
I 2 0 
X, 5 I I 2 I 
I , 
0 0 I 
X2 2 I I 0 oO ® I 2 7 
5 I 0 3 )(3 I oO 0 0 ~ 
0 I ,Q 
. 35 
,~ 
0 I 0 " 
... 
3 I 
2 0 
I 0 0 X, 0 - I 
x~ 2 
I 
0 I I 
0 
o6 0 "7 
Xs 5 
I 0 0 o6 
'I --
4 -o 0 
__ 50LUT_ION 
X, = 1. 
X2.: 7 l = 37 
... X5 = 4 
• J6 
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., -~~··- ,-r- ---• 
OBJECTIVE FUNCTION= -37.0000000 4T ITERATION 3 ; 
- 1o 7500 0 0 0 .. - -6;·scooooo··---· -- '"3.-7500000 -----. -~ .. -----· 
TOLERANCE SET AT -33.3-000000 AT ITERATION 3 
-·oaJECT IVE FUNCTION:;:------·· ---=31 o-o O O O O O C AT -1TER ATtoN--1 o O O OO O O O 1e0000000 ~.OCOOOOO . 
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EXAMPLE 3 
,, 
:·· ··.·: 
. MAXIMIZE: 
3X, + 5X:a. < 20 
2x1 + 2X2 + 3Xa °' 30 
4X1 + 2X5 ~ 15 
X X X ~ 0 ANJJ INTEGER ,, 2., 5 ~
""_. .• 1 J • ·: 
I fl . 
' 20 · 30 · 15 -~ 
X, 5 3 6 
a 15 4 3 15 0 
x~ 6 5· 4 2 ·15 0 ob 24 0 
0 5 2 -X.s 4 10 7 s", ob I 
2o 27 I~ 
' 
20 27 IS 
-
x, 5 
g 
6 2 · 13 It 3 15 0 
Xi. 6 5 4 2 15 0 @ o6 I 
Xa 4 0 3 9 I 6 24 I o6 
- 15 25 I! . 
" 
, · 39 
~ 
~ 
15 25 13 
x. 5 3 5 2 12 If 3 15 0 
' 5 z 0 
X:a. 6 3 12 oC>' 18 I 
0 3 2 -X3 q i 6 ~~ 2 oO I  ~t 
15 22 I I 
15 22 I J . 
x, 5 3 5 2 11 l.f. 2 lo 0 
Xa. 6 5 2 I I 
0 
3 o6 18 I 
>(, 4 0 3 7 2 @ ~ oO 5 
15 1q q 
40 
.. 
' 
15 19 q 
-
X, 5 ~ 5 2 q " 2 . IO 0 
X2 6 5 3 2 q 
0 @) 2 .0 
Xa L, 0 o6 3 6 2 4 16 · 3 
10 \7 q 
6 
j 
10 17 q 
X. 5 3 3 2 8 Lt 2 to 0 
X1. 6 5 2 2 1 0 o6 18 2 
.. 
X3 i. .· 0 3 o6 5 2 4 . i"161 4 
10 14 . . . 7 
~41 
10 llt 7 
X. 5 3 3 2 7 ~ I 5 0 
X2. 6 5 2 .!.I 7 0 00 @ 3 
X3 '-I 0 ~ 3 '-I 2 5 12 4 
5 12 -7 
. 
5 12 7 
s 2 
" 
-
x, 5 I 6 I 5 0 
x~ 6 5 2 6- 0 o6 6 3· I 
Xs 4 
0 3 I.a 2 @ 5 oC 3 
5 9 5 
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• 
........ 
5 9 5 
' 
' :, 
X, 5 3 I 2 4 " I 5 0 
X2 6 5 I 2 ~ 0 6 3 o6 
X3 4 0 o/J 3 '3 J 2 ® 6 
5 6 '3 
,< 
10 
5 6 '3 
X, 5 3 I 2 3 " 0 0 0 
Xi. 6 5 I 2 3 0 ob @ 4 
X3 4 0 o6 5 2 2 I ~ 6 
0 ~ ~ 
11 
0 4 3 j> 
X. 5 3 0 2 2 ff 0 0 0 
x,. 6 5 2 0 0 2 ob 0 l.f 
X3' ~ 0 3 2 I ® 7 olJ I . 
0 3 . I . 
12 
0 3 . I 
x, 5 3 0 2 I 
,. 0 0 0 
Xa 6 5 0 2 I 0 o6 '-, 0 
Xa t., 0 ob 3 I _2 0 7 . 0 
e 
-·.--- '• 
.SOLN. ____ X, = 0 X2 = 4 2.= 52 
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______ Jll.,IJOOOOIJIJI _ '+e00001)00 7.00001)00 _____________ _ 
OPTIMALITY ESTABLISHED AT ITERATION 
-~~O __ QF P~O_B_~_EM ___ 4 ______ _____________ ... ··-·- --'~- ----------------------.,...,,.,__ ___ -:-------.-c--..,,-
. , .. . 5 , .. I . . • ; ', : 
9 
.. 
' 
I. 
EXAMPLE 
MAXIMIZE 
5/T 
2 X, + 2 X2 + L, X 5 + X" ~ 15 
5X1 + 4Xa + X3 + 2X1t ~ 20 
4.x, + X1 + 3Xa + X~ ~ 25 
x. , x.a . x! , x,., ~ o , 1NrEa.ER · 
46 
,r 
. ..;r· 
.. 
1, 
15 20 25 ' 
X, ~ 2 7 5 
" 
l.f 6 12 0 
X2 2 2 '4 5 I 7 25 10 0 
. 
Xa 5 '4 
I 3 8 (@) 3 20 I 
X1, 1 I 2 I 25 10 15 10 0 
I I 1q 22 
.. 
··-- . . - ~ ... ·- . -
- -· .. -· . - ... ,. -- .. - -.. -. . . . . . ~ .,.. . 
...... -···- - ·-~-- ""':. ·• .. -
·-
2 
- -
. -,~ 
·= 
.. ~ . -,~-. _..._ .... ,_._ .. ,_,,_,.._.., .. _ _.,. ....... u,.. ......... . .... '·-, 
-....... , ·· .. ·- .. ..... -... -, _, ____ ,.....,_._ ~--· - ... 
.. .... . ., .. -- . - . .... . .. 
I I 1q 22 
.. 
- . 
.. ·-·-··· ... ·- ·---· ... ,,, ........ , ...... ~ ---~- __ ...,. __ .. 
--·· .... -- -
x, 3 
-2 6 5 '3 '4 q 0 5 
Xi 2 2 ~ 4 4 I 22 8 0 
-
-
-
5 4 I 1q 3 (@) 2 X3 - 2 7 
x,. 1 I II 2 q ' 22 q 0 
7 18 Jq 
, 
47 r 
7 18 19 
' 
x, ,5 2 3 5 3 " lf ~ I 
X2 2 2 3 
J., 4 I · 19 .6 0 
X3 5 '4 1 ' 18 3 6 5 2 
x,. I I 7 2 9 I 19 7 0 
5 15 15 
5 \3 15 
x, 5 2 2 l2 2 4 ~ 1~1 2 
X2 2 2 4 3 
I 15 4 2· 0 
X3 5 ~ I 13 3 5 5 2 I ' 
" I 2 I X, . I 5 6 15 5 O' .· 
3 -a \I 
48 
' . 
3 8 I I , 
-
X. 3 2 I 5 I " 2 @ ~ 
Xi 2 2 4 I II 2 I 2 0 
~ 5 ~ I 8 3 3 0 2 0 
x" I 
I 3 2 4 
I 11 :3 0 
'1 3 '1 
. 
1 3 7 
x, 3· 2 0 5 0 4 I 0 3 
X2. 2 2 0 4 0 I 7 0 0 
. 
Xs 5 4 0 I 3 3 2 0 .2 
x,. 1 I I 2 I I 7 (D I 
0 I 6 
. 49 
x. 
Xa 
Xs 
x,. 
.. 
0 
3 2 0 5 
2 2 0 
,.. 
,·: 
5 I., 0 I 
1 I 0 2 
SOLUTION: 
X,: 3 
X2 = 0 
X5 = 2 
X,. = I 
I 6 
0 4 I 0 3 
0 I 6 0 0 
I 3 2. 0 2 -
I 6 0 0 I 
l • 20 
f 
50 
OEVONSHT1'E P~OGRAM ON MIXED ·tNTFGE~ ~ROGRAMMING _____ -.,.,._ START JOB CALLFO MIXEO INTFGER PROGRAM 
. - . -·- -- . .. - ·----- -·. -,"':"'--: ... -: -- ···- ·-· .. FIRST ~ VAPBS AqE TO RE INTEGE~ . 
.., 
- -- - - : ·-- - ' ·--· . :-; -~ --=--~· . _ . .__., ... _ - -----~-:- -
OBJ.-·· FUNCT. corr:. roR THE ... ,. .. V !. ~BS ... ----~; .. ·---·····-·-----
-3.000 -2.GOQ ·-5.ooo· - :_ .. ,- .. .. ; .. . -- ';. _' .. 
. 3 LE ss THAN ··oR EQUAL . r·o CON ST~ A IN Ts-··- ---·- ...... -.,~-·--'----' .. -·.· .. _>-.-··-:-·~_,.,_ QUANTITY 15.00C, COEF. ~clCW 
2.000 QUANTITY 2. 000 4. 000 2 0 • 0 0 CJ , CO €F •.. t3 E l CW .. 
- . - . -· . ·---. - -- _:_;_.:.:.. _..:....:.:. --····.:..:... ___ ___ 
1.000 
-- ·--·· - . ... . ···- ..... ··----
. '~·:··-..,...._-: ·.....,...,.-__ .· .-,-, ----
··· · ·- ·· · ·· s ~ on rr ---- · · ... ,. .·o o o--· · ··-----·-·--1-~-o·o o QUANTITY zs.oon, COEF. BELCW 
-
--------- -
---- . -----------..-----.-- .. -.----.-·---·· . • 
4.000 1.000 3. oco 
.1. 0 0 0 
... ·- . -- . --- -· ···- . ··- . -------~-~--. _._.__.;. _____ ...;.· .. -=-~.:-of 
. '··- ... - - -·· .. - -·----.. - -· -- - -· .... --~--- - ----------·~- ---~----·-- -----~ ~ ·-- ______ ,. ________ -.--,..~----
It G~f ATER THAN OR EQUAL TO CONS·T:RAIN_TS QUANT TTY O .. 0 0 G, COE,=-~-· -BEL C~ -- -----·_ -- ·--· --- . -.. -·-··-· -- ___ ._,_-;.._·· -~--··. .· . . ... 
1.000 QUANTITY 
·o.ooo 
QUANTITY 
0.000 QUANTtT'T 
. . -- -- -. - ···-· o • ·o o o o • ~ on u. 000 .. - - . - -· -·· .. ·. ·-.·· ,. . - . '.· _· .. -
·o. C O O • CO Ef' • BEL CW 
----··--·-------
1.000 n.ooc 0.000 0.000, CO£F. BELCW . ' . ..· ..... ·. . . . 
' o. o o o · ·· · · · -- ···-1·. o ·no·----------. ·-:o·~ o o o·---
o. o o o, corr. eELOW 
- -·--- ·----..... ~-... --.i· - .. ~. 
0. 000 1. 000 I 
. . . . ·.1 - . -- - - ---- --···-·-··· --·--·--- ------- ---.. _-,--, --,· 
,_ 
.• 
-~·-1JPPER ·0 CUNos· ······ -- ·- - --·-····-·-··· -----·----··-·-- ···-- ·-········-·--
--·--·--·-- ----------
1 0 • 0 0 0 10 • 0 0 0 · · · · · 10 • 0 lJ:O ··· - -- -10 -. 0 0 o- -----CON.TI NU O US SfllUTION. OBJE'CT I VE FU"rr,r ION= 
-2 0. '555 55 5 E AT ITE R AT·t O N ___ L_ ____ o __ 
~.6111111 OeOOnOOOO ieq4~~~\4 0.~00000~ TO\.ERANCE ~ET A.T ·-----~---180SOOOOOO - t1T··rTERA:TION··-·---5--
t 
0BJECTIVE FUNCTION= -1q.ooooooo AT ITEPATtON 10 '3 o O fl O O O O O O o O O 00 0 O O 2. 0 0 C O O O C · O o O Ou O O O a-· -----OBJECT IVE FUNCTION~ -20.ononooc AT ITERATION 24 3 o O O O O O fl O O e O O C :o O O 1J 2 • 0 C ll C O CO ·· --- · 1. 0 0 0 lJ 01i 0 OPTIMALITY ESTAetl !SHED AT TTERAT ION 28 · ENo--oF ··-PROBLEM-·--------·------·-:·51-·-·-···-----------... ---------
-~'. 
' 
.• ~ ·' •. _ .. ,- .. ·-· . (!',,- ' . 
-
@ 
.• 
... .-, .. 
•. 
- " __ '::""'. ::,...,~ __ ...... _ -- -: ,._ .,,,,,._,. - - - - --- - -:----~~_'.'::_ 
. -------. -
·----------
EXAMPLE 5 
() 
\· 
5/r 
Lex,+ X2 - 3X1 + X" ~ 25 
X X V X :,, 0 1 INt 
-,-, 1 , I , "5 • 1t 
c:2 
• J. 
<, 
15 2o 25 
x, 3 -2 oO s 4 " 6 12 0 
X2 2 2 7 4 5 I 25 IO 0 
" 
I -3 )(5 5 - r, s"' 3 2o o(l I ~ ~t 
-
x,. 1 -, - 2 I 2,5 10 0 o6 lo 
--- . ~ 
I I 1q 28 
2, 
I I 1q 28 
X, 3 -2 ob 5 3 4 7 9 0 
a 4 I x,. 2 5 4 26 8 0 
" 
I -3 -X3 5 2 1q ob 1JQ1 2 
' 
x'* 
-I 2 
' .q 0 I o6 q 28 
7 18 
'' ,. .. • 
· 53 
7 18 31 
x, 3 --2 otJ 5 3 
'4. 
7 (4) I 
X2 2 2 4 4 I 31 6 3 0 
X3 5 4 I 
I 18 -3 o6 5 2 
X1e I -, o6 2 q ' 31 q 0 
q 13 27 
q J3 27 
X, 3 -2 o6 5 2 ' 6 6 I 
X2 2 2 
" 
It 3 I 27 6. 0 
Xs 5 I., 2 I --3 (@) 5· 13 Gt, 
~ -, . 2 I 6 0 I o6 6 27 
5 12 ~o 
l.. 
. 54 
.. 
·5 12 30 
x, ! -z cO 5 2 4 7 ® 2 
' ~ X2 2 2 2 I :50 4 3 0 
I., 1 ' 12 -3 3 X3 5 ob 5 
~. 
I .. .:1 2 6 . --- I 30-- .. .6 0 . o6. -·-· .. ·--
7 7 26 
7 7 26 
. x, 3 -2 o6 !5 I 4 6 :3 2 
Xa 2 2 4 I I 26 2 3 0 
X3 5 4 
I 
7 -3 ® 4 1 DO 
x.. I 
-I 2 I 3 0 od 3 26 
, ..... 
3 6 aq -
• 55 
3 6 2q 
x. 3 -2 o6 5 4 7 @ 3 I 
X-a. 2 2· I 4 I ' !Cf 2 0 
X.s 5 lt 
I 6 -3 0 4 0 0/) 
x" 
_, 2 
' 3 0 I o6 3 2q 
5. I !2 
, •• _l 
'5 I 32 
x, 3 -z o6 5 0 '4 i 0 3 
. 2 
'-" 
I . 
Xi. 2 2 0 32, 0 0 
If I -3 -x! I (5", 5 
' 
o/J 5 
. X«. 1 -• I 2 I ~2 0 0 o6 0 
I 0 35 
.56 
X, 
Xi. 
X3 
x,, 
I 0 
3 
-2 
o6 5 " 0 
2 2 4 I 0 0 
5< " 
I -3 
0 0 
-I 2 I I od 0 
i . " 
SOLUTION. 
X, = 
X2 = O 
X3 = 5· 
x~ = o 
, 57 
~5 
8 0 3 
35 0 0 
ob 0 s-
35 0 0 
,. 
-
-- .. ""'-----· ~--- .... ·----.. -- ... --- .. ____ , ---- - ... 
--- . -- .. 
-
.... ,. .. -- - -- . -- .. -- . ·-··· . . . - ·- --- -- ·- -:-···· ···----------DEVONSHIRE PROGRAM ON MIXED INTEGER PROGRAMMING START JOB CALLED MIXE.D INTEGER PROGRAM 
• 
-
-
- . 
. • "L-· . ': ..• :- .. ·-~, 
. :· ... ( 
I FIRST 4 VARBS ARE TO BE INTEGER ! .. - ---- . - - .. ··-·--------------- - ·--· ·--·· .·., __ . ---.··-
·------. -- - --· - - .. ---- .. . - - . . 
- --- -- -·- . ----·-··-- - --- .. -· .. . ... --- .- .. ---- -- _..__ -·-· -----0 BJ. FUNCT, COEF. FOR THE 4 VARBS 
-- . . . - - - - .. •.. --···---- . ............ ---------------------- -~-~ 
-3,000 
-2,000 -5,000 I -1.000 
,. 
- --- ----- -------- -- -------------
--·------................... . ' . . . . . . . 
-2.000 2,000 4,000 -1.000 ----·· ·---- ···---- . ·- - . - ---·- - --- .. - . ---- - --- -- ·--·· ------------ - --- ---QUANTITY 20,000, COEF. BELOW 
---- -·-------------- -
--- - --·-----------··--------
-• ----·-- -
·------ --·-··---------5. 00 0 QUANTITY 4.0DO 1.000 25.000, COEF. BELOH 
2.000 
---------------------- - ---· - ·-- -------- -- ----···· - .. --- ... - ------------------- -- - --- ···--------------------. -------~---'--o-
4,000 1.000 ~3.000 1.000 --·----·---.-----·--·-- - -··---·-- ------------. ----·-- ·--- ·----
---------- - -·-·------------------
\ ·. 
'\ 
-------- -------·--- - ----- -- ·--
4 GREATER THAN OR EQUAL TO CONSTRAINTS ,-- ------- .. ----- ...... - .. ----
-----
. ------·-- . .. ---------· ... -------------·-----,- --~ QUANTITY 0,000, COEF. BELOW 
-·-·- - -·-· .. 
--- ----- -- ---~-.,,-1.000 0.000 o.oon 0 ,ODO 
__ Q_U_"N_I_J_T)'. ________ ' Q_._o __ o o_,_ __ c_Qf .. F ._:a.E_-.._OJi:..----·------
0.000 
- --- --·· . - _1~ aoo ________ o. o_ou ___________ o_._ooo ______________ ----.:-_-QUANTITY 0.000, COEF. BELOW 
--·. -------- . .. --- ----------- -- ---------------------·-- ----- ---0,000 0.000 1.000 0.000 
. _ QUANT ITV ______ O_, 0 0 0, __ C_OEf_. ____ BELOl" _____________ _ 
0,000 0.000 0.000 -1.000 _ 
--·-r-·-----
I ( 
----- . ------------·---------------
-\ 
,· 
. ~ 
::- • .·i ••.• ----
,_ 
: ·- ..;, 
. ·"' 
- .. '" . 
.... 
-·· 
··~ 
' 
EXAM'PLE 6 
5/r 
3X1 + 2X2 + SX14 C 20 
. . X1 + '5X2. -t- 3X5 < 15 
5x1 -+ 2x5 + xlf ~ 25 
.. ' 
x,, X2, , X3 • X1, ~ 0 i \NlEGER 
.,,. ..,., . . , ... 
20 15 25 
X, 4 '5 6 I· 15 5 5 0 2o 
Xa 3 2 10 3 5 
0 
06 15 0 
X3 I 0 3 o6 s 2 12 5 0 
5 0 I X4 5 4 2'5 '2'~ I o6 I~ Qt 
15 IS 24 
2 
15 15 2t, 
3 I 5 
~ 
x, 4 5 JS I., 136) I 
X2 3 2 ! 5 
0 ob 7 15 0 
X3 I 0 ot> 3 '5 2
 
12 5 0 
Xt, 5 5 3 0 I ,-,24 15 I °" 
12 lit IQ ~} 
. 60 
., 
12 14 19 
4 3 4 
I 5 @) x, 14 3 2 
'S 
ii 
X2 ~ l 6 4 
0 12 0 .0 
X3 I 
0 
ob 3 L., 2 q .if 0 
~ 5 5 2 0 o6 I 1q 10 I 
q 13 14 
1 
(1.·."l 
q 13 14 
' 
X, 4 '5 3 I 13 5 2 ~ 2 
X2 3 2 4 
5 ~ 0 ® ob I 
, X3 I 0 o6 3 t., 2 '4 7 0 
L 
x,. 5 5 C> 
I 14 I o6 5 I 
7 10 14 L \ 
• 
61 
," ... I 
• 
7 10 14 
x. 4 ! 2 I 10 5 2 8 2 
X2 2 3 3 
0 ® 2 3 3 o6 
X3 I 0 3 3 2 7 3 0 o6 
x" 5 
5 I 
0 
o6 I 14 5· I 
5 7 I Lf 
6 
~ 
5 7 14 
~ 3 I I 7 5 2 4 x, 2 
. 
Xi ,,3 a 3 2 0 o() ® 2 3 
X3 0 3 2 2 7 2 I ob 0 
~ 5 5 0 I 14 5 I I ob 
3 ~ ,~ 
• 
. 62 
, 
. 
3 4 IL, 
X, 4 3 ' 
I 4 5 2 ® . ?, 
-
Xi 3 2 I 3 0 :3 3 I ob -
)(, I 0 3 I 2 7 I o6 0 
x,, 5 5 0 I 1'4 0 I 0 o6 
0 3 q 
0 3 q 
X, 4 3 0 I 3 5 I 0 3 
3 2 0 
3 e 
rJJ 3 X2 I 0 
. Xa I 0 ob 3 I I 4 (j) I 
)G, 5 5 0 I q I 0 o6 0 
. 
, . 0 ~··· O_. 7 
., . 
f 63 
~ 
X2 
Xs 
x,. 
0 0 
4 3 0 
I 
0 
3 2 0 3 0 
I 0 ob 3 0 
5 5 0 0 ob 
_ SOL_UTION: 
x, = 3 
X2 =. 3 
X5 = I 
~ ~ I 
~64 
, 
7 
-5 I 0 3 
0 3 ob 0 
2 3 0 I 
I 
7 0 I 
Z= 27 
I 
I 
' 
·--·· OEVONSHIRE PROGRAM ON MIXED INTEGER PROGRAMMING-···---·-·--·- i START J00 'CALLEO MIXED INTEGER PROGRAM ~----·-· 
-·-··--··--····--······ ·-· 
-·-···. 
----
-- -------·----·---~------·---· 
' 
.. 
FIRST ~ VARBS ARE TO BE INTEGER 
i 
, -- ··---· ·-----··--·------------·- -
' 
__ .. -
- -- ... --.-· .. . . - ........ _._.,,. __ -- -· . . -"·-··-----·--···--····-·- - ---· -- ---------· __ .. .,__. OBJ. FUNCT. COEF. FOR THE ~ VARBS 
-4.000 -3.000 -1. 0 00 -s.ooo 
I 
·-------- 3 LESS -THA.N -0~~·-EOUAL -TO .. C-ONST RA INT·s~-~ .. -.-...,.- ---· QUANTITY 20.000, COEF. BELOW 
3.000 2.000 0.000 5. 000 . - . - QUANTITY 15.000, COEF. BELCW 
. 
~ __ ,._ .. -- .. -~ ... - .. ------
_.,... ___ .. --·- --- -------....... - ....... _ ·--- ·-----....--·· .. ----- ··---------1. o o o 3.000 3.000 0.000 QUANTITY 25.000, COEF. BELCW ---- - -- -· -- - -- --- ·-·- - . ------- --· - . - - --· -- - . -------- --- ----·---- --- ----. --· --- -
- ------· . -----~ ---
-
5. 000 0.000 2. 0 00 1. 000 
; 
. - -~ ··---·. _____ ... -··--- __ .. _____ ...... ..._ ..... - .... - .. ....__ ..... _______________ _. ____ --- ............ _ - .. -. - ·--~ .... ----· -- -- .... ·-· . ----- ------ --- -·-----·.. --\ 
4 GREATER THAN OR EQUAL TO CONSTRAINTS -------- --- -- - ·- - ---- -
- . --
- - ·- . . 
. - -----· ----- --
------------· QUA NT IT Y 0.000, COEF. BELCH 
----~-. 
~----..------------
-- -------·---·------~---
--------··-·--- -~ - -- ---
----1. ooo. 0.000 0.000 0.000 QUANTITY O.OOC, COEF. ~ELOW ·-~---.. ••• •• ··- -· -· - •· .... , .• -- --·-
--.-~ .... - ··-· ··-· • ___ ,,._ ••• ,...._ ..... ,.,..,_ ..... _.... - • .., ... ------------------ ·-· ••.• -. .. ·--·--·- ----• - r -
. 0.000 1.000 0.000 · 0.000 - - -- .. -- - . . --· ····- -- ··-- ··- ---- .. - --···. ·-. -- - . --- ----- .. . .. 
-·--------·--- . ·-· - . . ·- . -------QUA NT IT Y · 0.000, COEF. BELOW 
- --· ·-· ------·---------------- ---- .•... - - ---·-------- ----. - ----·--------· ---- ----------------
_ 0 • 00 0 --· .... ·-·· O •.. Ou Q ____________ ._g •. 0.00 ... .. -· _ ._. 1. 000 .... -------·----· .. _. ________ ·-·-
... 
..............--•-·•···-
. ~- • 
. '.',. -· ....... , ·--_,., •• ,,.,.._.. • _....__., .. .,._A_ i ~.,._,_ ... .,. .. --_.-_..,.. .• ...., ,~ ....... - ••••. •- ,_' . .._.. •- '• UPPER BOUNDS 
. 
. ·• .. - ··-·---.. ~-·-··· .. - -----~ 
. ·----
- .... -- - .. ··-· .. ·-··----··· -·. -- ................ ----... --. -
. .. ________ ,, __ _ 25.000 25.000 25.000 25.000 
r-· .... 
I 
I 
.... 
! 
; tONTINUOUS so:LUTION 
: 
-
. 
- ..... _______ . . - - ... - -- -. .. .. - - .. -- -
.. -- --- . --- ..... ----· -~------: OBJECTIVE ~UNCTION= -26.1818182 AT ITERATION 5 
_ 4.7727273 2.~~09091 .. . .5681818 
_ .0000000 --~---~--TOLERANCE SET AT 
-25.363636~ AT ITERATION 5 
---~BJECTIVE FUN~TION: ~26~0000000 _AT ITERATION 1~ . 
.... .. ··---... s.0000000 2.0000000 0.0000000 0.0000000 
. OAJECTIVE FUNCTION=. -27.0000000 AT ITERATION 26 --- - -- - -· - -- ·-· - ----· --· ·-- •• ·- _ .. _ - J" - -- • ~ -··· -....---- • - ·- - -· 
-... 
-
-- • --· ·' ---
--•J . 
-·-
- ·- -·· 
_
_
_
 __, 3. 0000000 3. OOOOflOO 1. 0000000. 1•0000000 J--. OPTIMALITY ESTA~LISHED AT ITERATION 34 
. i ~ENO "OF PROB-LEM' -- •- --•··· • , .. ·•~--~·----~--- -~ -,--.-- ..----~ -• ,., MA<.• •P··-·· ._.,.._ ,_._._,._, _ _.A~n • POW • ... W \~--
• 
·.;.,; . 
' 
· SE·ct I ON I II 
&pplieation of this method to non-linear integer problems 
\ The theory behind the application to non-linear prob-
lem is the same as applied prevl ously and that is td. proceed 
in the direction of higher values until the maximum value is 
attained. 
r. 
1 
The dif terenae between. non-linear and linear problem is 
in ealeulating'incremental value. To explain this point let·. 
us ·consider the foll owing example. 
The incremental value o.f the objective function 4X from 
X - 4 to X - 5 is e. 
How-ever, 1.f the objecti-ve function is non-linear i;.e. 
47? thenctijeetli.tcl!'emeDtslo:val.ue is 4( s:!!-41 ) or ao. 
,. 
In other words the value of the objective function 
would increase by eo when the value of X changes from 4 to 6 
2 for the function 4X. 
This method is easy to use end canoe applied ,to n-a.1-
mensional prol>lems. 
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• 
,. 
r 
' i 
. 1, . 
+ 
·i_i 1· 
l . 
I. . 
'"' 
EXAMPLE. 1 
SOLVING iHE roLLOWING . -PROBLEM 
USING NO,N· LINEAR TECHNfGUE. · 
.. , 
MAXIMIZE 2. :a. /. 3 X, + 2Xa. + "i Xa. 
5/r 
><, + 2x .. ~ 10 
X, • X,. ~ 0 ~ INTE'a.eQ, . 
.. 
. ' .... 
. _- .. 
·1. . 
1 
0 
10 15 
x, 3 x,2. I 10 · .~ 5 l~~I I 
x, 2x:+ 4Xa. 2 5 I JS 70 0 
q 12 
2 
q 12 
3Xr2 I ! X, q 
-4 
~I 2 ' 
X2 2.x; + 4X2 2 4 ' 12 L,8 0 
8 q 
-
g q 
x. '3X,2. I i g 3 ~ 3 
• 
Xa 
2. 2X2 +4Xz 
2 4 ) q 48 0 
7 6 
. , 
-
-68 . 
'7 6 
3X11 
I 3 --X. 7 2 ,~ft 4 ""-- .. ~ 
Xz 2X~-+ 4Xa 2 3 I 6 30 0 
6 3 
5 
',.... -
6 3 
X, ~ x,"- I 6 3 I 27 4 
,o 
~2 2x;-,. 4 Xa 2 3 J 3 @ I 
4 2 
\ 6 
, ' 
' 4 2 
X, 3X~ I t., 3 0 0 4 
X2 
2. ~. 
2X2 + 4X2 
2 2 I 2 
~"~' 2 
2 1 
. 
. 69 
X, ?,X,2 I 
Xa 2i1.'+ 4X,. 2 
X, , 3x,2 I 
2x:+ 4X:a. 2 X2 
SOLUTION: 
7 
2 t 
2 3 0 
I I I 
0 0 
8 
0 0 
0 5 0 
0 
I 0 
x, = 
X. .• 3 
.l 
~ • '1~ 
• 
. 70 
0- '4 
® 5 
0 ~ 
0 3 
- -. ----···· - .. 
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EXAMPLE 1A 
. 
SOLVING THE -PREVIOUS 'PROBLEM 
---· .USING LINE'AR TECHNIGUE 
MAXIMIZE 
5/r 
X1 + 2X2. ~ 10 
3X, + X2 ' 15 
,. I 
X, , X1 ~ 0 I' INT&:GEe 
, 7.3 
. .. 
1. 
- 10 15 Ii 
3X.'- l J X. 10, 5 1 '75~. 
' 
~ "',,,/1 
Xa 2X:-+itXa a 5 I 15 70 0 
. 
q 12 ' 
2. 
. 
q 12 
X. , 3 x,i. I q 5 4 48 1 
. 
X'z. 2x:+4Xa. 2 4 l 12 ~(1 1 
-
7 II 
~- ' 7 II 
Xt 5X,a ' 7 I 3 27 1 
Xa. 2Xa.,.+ 4X2 l 3 I ll lei 2 
5 10 
~- __ ,, - ·- ... 
-~-~- .· 
4 
' 
5 ' 10 
X« ~X,I I 5 3 3 4 2 • 
~ 2x:+4Xa. 2 2· I 10 16 2 
Lt 7 . C 
. 
.,, 
5 .. 
4 7 
x. 5 x.-a. ' 
" 
I 2 12 2 . -
Xa. zX:+4X, l 2 I 7 i 16-, 3 
2 6 
6 
2 6 
X. 9!JXJ1 I 2 ! 2 j 12" 3 
Xa. ax:+ 4 Xi a 1 ' 6 6 5 I 
I 3 
,75 
x. 3X~ 
Xi. 2x:+ 4X1. 
X, 3X-a. I . 
x~ ax!-+1.tx,. 
. _SOLUTION: 
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I 3 
I I I I 
a 0 I 3 
0 0 
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I 0 3 
l 0 ' 
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x,= 4 
. X2 = 3 
l .. • 78 
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It is happ-erta that if we apply the same proeedure to this ~ 
I 
problen as was applied to linear pro'blems, we come up ,tith 
the same optimal solution. 
However, it does not mea1 that the linear method is 
appllcab le to tr1is problem. 
It is more ot a coincidence than the rule. 
Before I. disprove this i'aot let me solve the above prob-
lem by the method applied to linear problems. 
Then I will t,uce an eaaraple to show how this method 
. gives inaccurate results 1n other cases. 
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-PROBLEM 2 
SOLVING THE F'OLLOWING 'PROBLEM 
~ 
USING NON- LINEA'R . TECHNIQUE. 
... MAXIMllE 
X, + X2 \( fl 
x, + 2Xi '12 
X, .a x,, ~ 0 . ·t INT£(.E~ 
79 
:1 
..... 
- . ·: -. . ··• - -.. , . ~ ·-
1 
8 IZ a 
x, 5X.2+ 20X1 I g I 12 480 0 
Xt ~ 12X1+ 16Xi I '8 2 6 1j2f1 
' 
r., 7 lo 
' 
2 
7 10 
. 
x, 5X,2+ 20X, I 7 I (O 386 0 
Xa 2. l2X,+ f6X2 l 7 2 5 1~oa1 2 
6 8 
6 8 
X, ' 5X1 +20X, 1 6 I "8 ~00 0 
12x:+J&Xa ' 2 Lt X2 6 i?,/f 5 
---
5 ' 6 
. 80 
4 
. 
~ 6 
x, 2 6X1 + 20X1 ' 6 I 6 2lf5 0 
Xa 12x:+ 16Xa. I 0 2 5 ~7£1 Le 
J 
Lt t, 
5 
4' 4 
x. 
'2 . 6X, + 2ox, I -~ 4 160 0 
X2. 12X:-1- l6Xa. I 4 2 2 1 271 5 
-
~ 2 
6 
< ~ 2 
,,•' 
·• 
X. 5X,'--t 20X1 ' 3 I 2 60 0 
12x: + l&Xa. I 2 Xi 3 I ("41) 6 . 
., 
2 0 . 
-· 81 
~ . 
7 
2 0 
x. 5X,2+ 2ox, t· 2 I 0 0 0 "' 
" 
Xi. 12x:,+ 16Xa. I 2. 2 0 0 6 
/ 
j SOLUTION: 
x, C 0 
Xi. 6 
'E. • 528. 
82. 
EXAMPLE 2A 
SOLVING THE -PREVIOUS -PROBLEM 
. USING LINEAR TECHNIQUE . 
X1 + X2 ~ 8 
~, + 2X2. r 12 
)(, • Xa. ~ 0 ., INTEQER 
, ·o __ .__ .-.· o3 :I':···· .. 
., 
1 
... 
B 12 , 
x, 2 I '8 I 12 Lt8o 5X, + 2ox, 0 
X2. 
1. . 
12X1 + 16Xi. ' 8 2 6 (.62i1 \ 
'7 10 
2 
7 10 
X, 5X~+ 2ox, 1 7 I lo (_38~ 1 
x1la 
2a . . 
12 X1 + 16 Xa. 
I 7 2 5 380 1 
. 6 q 
3 
6 q 
1 . I I x, 6 q ,'3c>Q~ 2 5X, +20X1 ~ ~ 
1. I 6 2 ~ ~ 12X). + 16Xi. · 256 1 
~ 
5 ·s 
. 84 
\; 
5 8 
X1 2 5X, + 2ox, I 5 I '8 225 2 
X2 12x:+ 16Xi. I 5 2 Lt 1~5~1 2 
I., 6 
5 
.. 
4 6 
5X.2+2ox. I I x, ~ ~ ~--60"""-1 ~ \ - ~ 
I 2 ... X2. 12x;+ l6X1. Lt 3 ([5~ 2 
~ 5 
6 
- 3 5 
5X~+2oX, I I x. 3 5 . ,'fo~ 4 ~ --~~ 
12X:+ l6X1. I 
., 2 Xi '5 2 9o 2 
. 
2 ~ 
8_5 
• 
7 
. ' 
2 '4 
X, 5X,1+ 2oX. I 2 ' ~ 60 4 
12x:+ 16Xi. ' 2 X1. 2 2 ' 
•• ""'I ~ j~ • QI ... ~ 
-
I 2 
8 
. 
1 2 
' .. \ 
x, 5X~_. 20><1 I 1 I t 25 4 
I 2 -~ \2Xi.1-+ l6X1. 1 1 l~a 4 
0 0 
0 0 
X, 5X,2-t 2ox, ., 0 I 0 0 4 
Xi lex:-+ 16X.a. I 0 z 0 0 4 
' 
, .. \ ·~i 
. ) \ ' 
\ 
" 
50 LU TI ON : ><1 = '4 X.1. • Lt Z = L, 16 
86 
EXAMPLE 
........ 
J 
MAXI Ml lE 
'- - ' :-.::·· . •· .. . -~· 
,: •: 
X1 -+ X2 ~ 8 
; . •!• 
\···· ;;:. 
X,X2. 
;,:,,' 
··r·~ 
. '· 
{, .. 
1 
·, 
- 8 
X, ' 8 -
X2. 
I 
8 -
7 
. 
7 
x, 0 I 7 
I 
X2 I 7 
' 6 
3 
' 
6 
x, 1 I 6 
I 
X2 1 6 
5 
. 88 
12 
I 12 
2 6 
I I 
I I 
I I I 
2 5 
q 
9 
I 9 
2 L, 
8 
® 
6 
' 
0 
® 
(§) 
~ 
,,•••e 
4 
1 
0 
1 
1 
2 
1 
·, 
\ 
5 8 
' 
x, 1 I 5 . I 8 5 2 
-
XJ. 2 I 5 2 4 ® 2 
la 6 
5 
~ 6 
I I .. X, ~2 4 .6 ® 3 
x~ 2 I '-, 2 3 6 2 
3 5 
6 
~ 5 
Xi I 3 I 5 2 6 3 .. 
x,. 3 
I 
3 2 2 ® 3 
2 3 
.· 
. ., . .. ,.,_, ~ . 
;~r· 
.. 
7 
-
2 3 
x, :3 I 2 I 3 @ ~ 
, 
X2. 3 I 2 2. I 3 3 
. 
I 2 
8 
1 2 
X, 3 I 1 ' 2 3' Lt 
X1 ~ ' 1 2 1 ® Lf 
~ 
0 0 
9 
0 0 
X1 4 I 0 I ·o 0 ~ . I . 
Xii L., I 2 q 0 0 0 
• 
'· 
SOLUTION: X1 = 4 la= 4 ... Z= 16 
• 90 
'. 
EXAMPLE 
MAXIMIZE 
';I. 
X1 + X2 ~ 8 
X, + 2X2.' 12 
X, • Xa. ~ 0 "' INT 
91 
1 
-
-
- --
'a 12 
x. 3X1 + 0 X1 I 8' I 12 1].(1 1 
X1 X2 + OX2. I 8 2 6 6. 0 
7 JI 
2 
7 I I 
x, -_ 3X, + OX1 I 7 I I I ® 2 
X2 X2 + 1X2 
I 
7 2 5 10 0 
- 6 10· 
3 
6 10 
X, 3X1+ OX, I 6 I 10 (@ 3 
Xa + 2X2 
I 6 2.. 5 X2 15 o-
5 q 
. 92 
fi' .. 
4 
5 q 
X, 3X,+ OX, I 5 ' 9 15 3 
X2 X2 + 3X2 I 5 2 I., ® 1 
4 7 
5 
~ 7 
X, 3X1 + 1X, I 4 I 7 l~-6) . '4 
x, Xa. + 3X2 ' 4 
2 ~ 12 1 
. 3 6 
6 
3 6 
3X1+ 1X. ' 3 X, ' 6 12 4 
X,2 X.2 + 4 X2 ' 3 2 (® ~ 2 
2 ~ 
. 
93 
• 
,, 
\ 
( 
,, " 'h' - -
.,, " 
'7 
' 
2 4 
X, 3X1+ 2)(, I 2· ' 4 lf IO 
X2. X2. + 4X2 ' z z 2 ® :5 
' 
-
1 2 
8 
~ 
1 2. 
~ 3X, + '5X1 I 1 I 2 ® 5 
X2.-+ 4 X:t I 1 2 1 5 X2 3 
0 1 
9 
0 1 
X1 3X,+ 3X1 I 0 I 1 0 5 i ,, ' 
. 
X2 X2 -+ 5X2 I 0 210 0 3 ,, -
' 
} 
_.SOLUTION: X, = ~. . Xa = 5 . . ~ = 33 : 
. 94 ! 
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EXAMPLE 5 
MAXIMIZE 
x. , Xa. -:,. O ., INT. 
96 
1 . 
5 q 
X, 2 x, + ox, I 5, I q i't5> 1 
X2 2X?-+ OX2 I 5 3 3 19 0 
4 8 
2 '' 
. 
4 8 
~ 2 I 4 I 8 (2tf+ 04
11 
X, + OX1 2'f 2 
X2 
2. I 4 3 (8-t- ~, 2Xa. + 2X2.. 2 0 12 
3 7 
3 7 
x, x,2+ ox, I 3 1 7· ~~l+O) 3 ZI -
' 
.~ (8+ ., r Xa. 2 2X1.-+ 4 X1 ' 2 ?, 16 0 I 
2 6 
,, 
97 
-
• 
2 . 6 
X, 2. 
, , 
6 (16+ 0) 3 x, + ox, 2 16 
X2 2><:+ 6X~ I z 3 2 (8+ 12) 1 20 
1 :3 
1 3 
la . I I 3 <'7 + I ~I ~. x, X, + 2 X, 1 q 
Xz i. I 1 3 1 
(,+,, 
2 2Xi + 6X2 12 
0 0 
6 
' 
0 0 
x, 't,,.+ 4 x, I 0 ' 0 43 0 
" 
Xi . 1.. 2X~+ 6X2 I 0 ! . 0 0 2. 
SOLUTION: X,=3 Xa=2 ·Z=29_ 
• 
(98) 
•
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SBOO!ION IV . r 
MERITS AND DEMERITS. 
MERITS One of t~~;main advantages of this technique is its 
s1mpl1s1.tJ. The procedure is simple and one can easily com-
-~ 
1. 
\.• prehend it~ Also this ·technique is an attempt to ap·p17 a 
uniform ap.p:roach to both linear and non-linear problems.' 
In the field of linear progranming there are already good 
techniques available •. , I.E. Gomer,: cuttl. ng plane method 
wb.ich may have a defi.nativ e edge. However, this approach 
could find good us ag·e in non-linear progran1ming.. At this 
stage this technique is still in initial stages w1 th !laws 
and loop-holes, but I reel with more research it. could de-
velop into powerfu.l teehniqJ?J.e to solve both linear and non-
linear problems. 
Another of its advantages· is 1n nun1ber of iterations to· 
aehieve optimality. To give an example. In the last prob-
lem or Section II, the computer established the optimality 
at·ter 14 iterations, whereas this technique used only nine. 
iterations to reach to the same solution. But this doe·s not 
me an that it will take less than that of the computer •• · In 
some of' the problems it takes more iteration-a but the differ-
enc~ 1a snall • 
• -<' :;~ • 
.. :",.- -~_1nee 1n this technique each iteration betters the pre-~ : ... : 1,. • 
,,, 
. ---
. 
· -vi<;>µ:~ integer solu·ti on by-1 one unit of the var·1able, henee · ·. ·. r:; -. -·· 
the number of· lt:etrations equal the total value· of the sum or 
100 
.... 
.., . ., ' 
-
~" ~,., ..... ,, ; 
' -· .~ .... 
. .. 
l .t~-- -~ r _ .•· -a ,,. .... 
,-~~~2· j. -· 
~... -
', :., . .-:~. ~.; ' 
.· .": ·,-;. 
' 
~ ... ~·· ~ 
. -- ·-
' ' •• . •C-._ • -
the integer value plus one. !he last tableau checks the 
optimality. 
- Another disadvant~ge of this technique is that it ean 
easily be applied to n,d.imensional · linear and non-linear· 
problems. Of course the more the variables the more the 
1 ter ati ons, but the iterations 1n this technique· are much 
.mom,,, -si~p&e than tte it er at ion required in Gornery cutting 
plane method. Also with higher dimensional planes this 
- ' 
technique is not as airticult as soue of the existing teeh-
niques. 
DE.MffiITS 
~efore I d1 scuss the deioori ts of this technique let m.e 
make one point. This method is in its in1 tial stages requ1r• 
ing ·a lot of research to reach per feet1on. Therefore at this 
' 
point in time it may have a lot of flaws and ~oop-holes wh1ct1 
I em sure with the passage of time could be -eliminated. 
The tir st and the foremost _demiI"l.t at this. stage is th,t 
it does not apply to neg-ative,·objeotive tunetions. Also at 
this stage I have not dis-euss.ed· equalitJ and greater then or 
equa 1 to const:raint. I_ w1.li m.ake the suggestion to incor-
porate these for further rese~cb in the thesis. 
Al.so sinee my pµ.n,ose wa1s to develop a method wh1eh 
eould be applied to both linear and npn-~ine•r problem, m7 
research was .more into de.yeloping and testing the t-eas1bil1ty 
§~ 
' 
of the methcxi.. Its refin·em.ent would be the next_ stage. 101 
4; 
' 
. .:· 1 - ,- ~ ~ .... ·~ 
'. 
_,- C 
,, ~ . - . . ·-.._ - ·; 
··.1 
-~ \-~4· The:retore at t~is stage 1. t na 1 tail in some special 
cases. But that doe.snot nean that the method should 'be 
dis carded. On the eontrary it poses a challenge to make 
the modification. 
In some problems where the so·lution 1s far awa7 from 
the or1g1n, i"t may take a lot of iterations. However, as· 
can be seen in the problems soJ.11ed in Section II, that in . 
.some problems it takes more iteration, Jet in sorne 1t 
takes muoh less. {/ 
Also it proeeeds towards the optimal solution ve:r7 
slowl.y and mt-eds to be expedited. 
In short 11"' it is still in its initial, stages and 
needs some more work to achieve generality. 
,.."· 
.·· .. 
~;·_:.'.: :. { r 
.. · ~-, ·. 
·, ,J ~ .,; ' .• 
. ,·/i , .. ' 
., . 
I • 
. ·' : ... . 
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.. . 
,' ~' .. J·• ...... 
' . ·-·~. ·. ·"'"' 
. '. 
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··: . 
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I 
r' 
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I. CONCLUSION 
As I have mentioned before that in this thesis an 
attempt has been made to devel\)p a method which could be 
used to solve both linear and non-linear problems.I have 
been partiall7 successtu11n ~ attempt. I have demon:- ,, 
strated in Section II and III that this app:ro.ach can be 
used to solve both linear and non-linear problems. 
HoweYer., I must say that this 1s just the initial 
l 
. 
. stage fJnd more work u. required to make its u,sage purpose-
ful, I would c.an· the next stage as the stage of refine-
-
ment in which I will mention at the end as to what improYe~ 
ments can be ma·de and where .further r-e.is.ea:nen~. can be con-
·du cted. 
In Section· I I ba,ve dealt with various teohn1qu.es 
whicl.1 I develo~d and the reasons for their rejection. JIJ 
main purpose was to co-ordination of simple mathematical 
techniques with programming teehn1qu-e. It was thrQugh 
stages ot refinemEll t tha·t ··I finally c81lle up with this tech-
niqlle. --
... r .~ •. • ~ 
Section II ar.d III·; •;e:re,, devoted to the application of 
'• •, T ... 
.. 
-· 
this technique to linear and non-linear problems,.•h1ch could 
be proved through comput:•z=t-:.and graphs. 
·-1,. 
• I •· The application was tound to be quite ·sucees·s.ful. 
Howey:~~ - it this demoiistra tion I used on11 less then 
• 103 
.. .-. -
' 
i" ~ ~ 
... ~ 1~ ·-~ • • •·· -: 
,· "':- -~ ;_ .· ·i:- ~. ._ ,!) 
-
. . ... ~ -
:r 
I 
' i 
01' equal to constraint ani I am SU.re with some more work 1 t 
could be used for more complicated problems. 
I would spec1tically mention its usage to non-line$r 
problems. So~ problems have al:rea~7 Deen de-alt with in 
Section III and I am s 1..1re this emthod could prov.a much more 
use!\il to solve non-linear integer problems. 
In short I 1'0Uld say that I have Just 1ntroduc··ed this 
' 
technique WJ.ich I feel has a much greater potential with. 
little more research and 1ns1gh t into it. 
,r 
·-1Q4 
SUGGESTION F·oR WR1IiIER WO.ttK 
• 
One area which cou~ld be explored would be" in applying 
thtil technique to take into account equalit7 and greater than 
or equal to constraints. · 
' 
Let me give a suggestion as to incorporation of equality 
constra1nt. 
Consider the e~ample 
MAX 
5/r 
IOX,+ Xa 
2X1 + X1 ~ 12 
X2 , 6 
x,+ x1 = B 
)(1 , X1. ~ O r INTEGER 
\ 
in this case the approach remains the same eacept that, the 
solution point moves towards the .feasible equality constraint. 
In otre r words, if a.t any point one direction lead,s to 
reas1i>le equality point and the other to feas11t1e non-equal-
it7 point, the direction of the solution wiJ.l move towards 
feasible· equality point, even though moving towards its 
. 
. 
inequalitJ cons·tra1nt .. 1ncrease.-s' t·he oajective function much 
more .t.han mov1~ towards;: ~quality const:raint, This can best 
be llltus.trated, by the ab av e · ex_amp1e • 
~ 105 
·; 
-- ·. ··-·· .· . 
·1.. 
1 
., 
12 6 8 
2 0 I 
. X, 6·, 8 '661 1· 10 IO i.... ~ 
X2 1 I 12 ' 6 
I 8 6 0 
10 6 7 
2 
10 6 7 
' 2 0 I ,. x, 10 5 7 1:.S~1 2 00 
~ 
x,. ·1 I 10 I 6 I 7 6 0 
' 
. 
-~-·· 8 6 -6 
3 
8 6 6 
X, to 2 L, 0 ob I 6 40 2 . 
x,. I I ! I 6! I 6 ~ 1 
' 
. ' 
. 7 5 5 
.:; . 
. 106 
. 
7 5 5 ,, 
. 
. 1 3 o· I 5 30 2 x, 10 o6 
Xa_ . 1 I 7 1. •s I ~\ 5, 2 t • • • •• • 1 
6 Lf I.., 
r'-:;-· 6 4 L, 
X, 10 2 m 0 co I '-4 30 z 
Xi I ' 6 I i. I IIil ® 3 
5 - 3 3 
6 
5 3 3 
x, lo 
2 
. - 2 C) ob I . 3 2o 2 
1 . I I I X2, 5 3 3 :5 4. 
4 2 2 " .. 
. 
'\.. 
i07 ', 
7 
L, 2 2 
. 
-
x, IO 2 2 0 00 I 2 l~.O,) ~ 
x,. I I 4 I 2 I 2 ·2 4 
' 
2 2 I 
' 
I ·' ... 
8 ,, 
2 2, 1 
X, to 2. I 0 ob ' I ® 4 
X2 I I ' R ' I 1 t., 2 
0 2 0 ,, .• I 
9 
0 2 0 
X, 10 2 0 0 oO ' 0 0 4 ·, 
I I I ' X2 
' 
2. 0 '-I 0 0 
108 
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• 
This is one suggestion to 1noo rporate equal1 ty con~ 
straint. Another direction of improvement is in incorpor-
ating great.er than or equal to constra·int.-
Having achieved this, ·one CO\lld improve the method to 
use n·egative coettic·ient a in obJecti ve tune ti on. 
Once this general11ati on is achieved one could p-la7 
around with this xre thod to solve complex proelem_s, in both 
linear and non-linear f1 elds. 
One never knows what one may find 1n the course ot re• · 
fineimn t of this technique • 
-<; --· ·····~~-~- - ' 
··_,,, 
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VITA 
PERSONAL HISTORY 
Name: ,Govind J. Bharwani 
Date of Birth: May 11,1947 
Place of Birth: Lahore,India 
Parents: J.S.Bharwani 
EDUCATIONAL BACKGROUND 
Modern High1School . New De fii 
)·, 
B. I • T. S. ( Pi lani ) 
B.E. in Mechanical Engg. 
Lehigh University 
M.B.A. 
Lehigh University 
·"' 
Candidate for M.S. in I.El 
EDUCATIONAL EXPERIENCE 
l·.954-65 
1965-70.' 
· ... :-. 
. . 
1-97. o·--1·2 
1974 
Worked during summer of 1968 and 1969 in the 
maintanence department of II Fl.eet Fasteners n 
as a trainee. 
PROFESSIONAL REGISTRATION 
Society of Die Casting Engineers 
·.-:, 
11·1 
·:r 
,, 
'/,. 
